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Introduction

Tonsillar squamous cell carcinoma (TSCC) is the 
common form of oropharyngeal squamous cell carcinoma 
(OPSCC), representing 23.1% of all malignant tumors in 
oropharynx (Weatherspoon et al., 2015). The incidence of 
TSCC has significantly increased in the last two decades, 
from 0.6 to 1.45 cases per 100,000 persons, especially 
in men and adults aged between 40 and 59 years of age 
(Turculeanu et al., 2015). The common risk factors of 
TSCC are use of tobacco, alcohol and betel-quid chewing 
as well as infections by oncogenic viruses, such as 
HPV and EBV (Pannone et al., 2011; Zaravinos, 2014). 
High prevalence of HPV infection is found in TSCC 
(Klussmann et al., 2003; Nordfors et al., 2014; Nasman 
et al., 2015), whereas prevalence of EBV infection in 
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TSCC is less common. Infection of EBV has been mostly 
reported in OPSCC cases, with different prevalence in the 
oropharynx subset in the range of 57.5% to 79.7% (Deng 
et al., 2014; Polz-Gruszka et al., 2015). However, little 
is known about oncogenic processes of HPV and EBV 
infection to promote TSCC carcinogenesis.

Diffuse large B-cell lymphoma (DLBCL) originated 
from B lymphocytes is the most common subtype of 
aggressive non-Hodgkin lymphoma (NHL) and the 
most common histological type of tonsil lymphomas 
(Yamanaka et al., 1985). DLBCL can develop in the 
lymph nodes or in “extranodal sites” (areas outside the 
lymph nodes) such as thyroid, the gastrointestinal tract, 
testes, etc., and can occur in childhood, or generally 
increases with age. Approximately 10% of patients with 
NHL present with extranodal disease in the head and neck 
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region. Furthermore, more than half of these head and 
neck lymphomas occur in the Waldeyer ring (WR) that is 
increasing in Asia (Jacobs and Hoppe, 1985; Jacobs et al., 
1986). The WR includes the pharyngeal (adenoids), tubal, 
palatine and lingual tonsils (base of the tongue), and WR 
lymphoma most frequently occurs in the palatine tonsil 
that was found 40% to 50% (Banfi et al., 1970; Aviles et 
al., 1996). Most patients are over the age of 60 at diagnosis 
and accounting for 30% to 40% of all newly diagnosed 
lymphomas (Friedberg and Fisher, 2008; Korkolopoulou 
et al., 2016). Risk factors for DLBCL remain unknown, 
although various chemical substances and medical drugs 
have been suggested. However, there is an association 
between DLBCL and immunologic deficiency diseases 
(Martelli et al., 2013). More recently, virus infection, 
particularly by EBV, has been reported as an etiological 
factor for DLBCL. EBV-positive DLBCL of the elderly 
is a tumor that develops in patients who are older than 50 
years and without any history of immunosuppression or 
prior lymphoma (Swerdlow et al., 2008). The prevalence 
of EBV in DLBCL varies geographically. In Western 
countries, the infection of EBV in DLBCL is rare (<5%), 
but is higher in Asia and Latin America (3.8% to 11.4%; 
(Pan et al., 2013). However, the prevalence of HPV in 
DLBCL has not been studied yet. The prevalence of HPV 
and EBV infections in TSCC and DLBCL patients in the 
Thai population has also not been studied yet. Therefore, 
we aimed to investigate the prevalence of HPV and EBV 
infections in TC, in specific histologic types and their 
association with different histology grades of TSCC 
patients. 

Materials and Methods

Specimens 
Sixty-five formalin-fixed paraffin-embedded TC 

tissues (FFPE-TC), including 36 TSCC and 29 of 
DLBCL, were retrieved from archived material in the 
Department of Pathology, Faculty of Medicine, Khon 
Kaen University during 2011 to 2015. In each case, 
histological confirmation of the diagnosis had been made 
from FFPE tissue sections.  

Exfoliated tonsil cells were collected from 83 subjects 
without cancer or any chronic infection in the head and 
neck to use as the normal control (non-cancer control, 
NCC) who were initially evaluated and diagnosed 
by an otorhinolaryngologist at the Department of 
Otorhinolaryngology, Srinagarind Hospital, Faculty of 
Medicine, Khon Kaen University. The use of exfoliated 
tonsil cells and FFPE tissue archived specimens was 
approved by the Khon Kaen University Ethics Committee 
for Human Research (No. HE561407 and HE581159, 
respectively).

HPV and EBV DNA detection by real-time PCR
DNA was extracted from FFPE-TC samples using 

a DNeasy Blood & Tissue Kit (QIAGEN, Hilden, 
Germany) according to the manufacturer’s instruction. 
DNA was extracted from exfoliated tonsil cells by using 
the lysis buffer-proteinase K method (Sambrook et al., 
1989)). The quality of extracted DNA was assessed by 

detecting the presence of the glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) gene (Teeratakulpisarn et 
al., 2007). The extracted DNA was further investigated 
for HPV and EBV DNA by Applied Biosystems®7500 
fast instrument (Applied Biosystems, Foster City, CA, 
USA). Consensus primers for the conserved L1 ORF of 
HPV; GP5+/GP6+, were used for HPV detection (van 
den Brule et al., 2002). For the detection of EBV DNA, 
primers targeting EBV DNA polymerase (BALF5) were 
used (Pozo and Tenorio, 1999). The extracted DNA from 
HeLa and SiHa cells were used as a positive control for 
HPV detection and from B95-8 cells was used as a positive 
control for EBV detection. The primers used in this study 
were listed in Table 1.

HPV genotyping by reverse line blot hybridization (RLBH)
HPV-positive samples were subjected to RLBH for 

HPV genotyping. The protocol is described in a previous 
study (van den Brule et al., 2002; Aromseree et al., 
2014). For chemiluminescence detection, membrane was 
incubated with SuperSignal West Pico Chemiluminescent 
Substrate (Pierce Chemical, Rockford, IL USA). The 
signal was detected by Image Quant LAS 4000mini 
(GE Healthcare, Upsala, Sweden). The 37 different 
HPV genotype probes used in this study were listed in 
Supplementary Table 1.

HPV58 physical status investigation by multiplex qPCR
HPV-positive samples were further investigated for 

the physical status of their genome by multiplex qPCR 
method. The protocol is described in a previous study 
(Prasongdee et al., 2018 and patent no. 1501001199). 

EBV localization by Epstein–Barr virus-encoded small 
RNA (EBER) in situ hybridization (ISH)

EBV-positive FFPE-TC samples were used to detect 
the localization of EBV infection by using ISH. The 
protocol is described in a previous study (Peferoen et al., 
2010). Briefly, FFPE tissues were cut at 5 μm thickness 
and probed with EBER peptide nucleic acid (PNA) 
fluorescein probe (Y5200; Dako Glostrup, Denmark). 
FFPE nasopharyngeal squamous cell carcinoma (NPC) 
tissue was used as positive control.

Statistical analysis
The software packages Stata 12.0 and Graphpad 

Prism were used for all data analysis. Chi-square and 
Mann- Whitney U tests were used to compare the rates of 
HPV, EBV and co-occurrence of HPV and EBV in TSCC 
and DLBCL. P values less than 0.05 were considered 
statistically significant.

Results

Patient characteristics
Table 2 shows the characteristics of NCC and TC 

patients with histological classification as TSCC and 
DLBCL. The mean ages of TSCC and DLBCL and 
NCC samples were 62, 54 and 50 years, respectively.  
Females were in the majority among NCC but male 
were in the majority in both TSCC and DLBCL cases. 
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Furthermore, we analyzed the association of HPV 
and EBV infection in the context of cancer tissue types, 
TSCC and DLBCL. HPV infection was significantly 
higher in TSCC (30.6%) than in DLBCL (13.8%, p<0.05). 
However, the prevalence of HPV in NCC was 1.2%, which 
was significantly lower than in TSCC and DLBCL samples 
(p<0.01). The prevalence of EBV was significantly higher 
in DLBCL (44.8%) than in TSCC (19.4%, p<0.05). 
Interestingly, the co-occurrence of HPV and EBV was 
significantly higher in both TSCC (11.1%) and DLBCL 
(13.8%) than in NCC samples (0%, p<0.001, Figure 2). 
These results show an association of HPV and EBV in 
TC specific tissue type and suggest that HPV may play a 
role in the development of TSCC rather than DLBCL. In 
addition, EBV may play a role in the carcinogenesis of 

Well-differentiated TSCC cases were the most common 
histological grade, followed by moderately and poorly 
differentiated. 

Prevalence of HPV and EBV infection 
The prevalence of HPV and EBV infection of TC 

samples was 16.9% and 30.8%, respectively. HPV 
infection was significantly higher in TC samples (16.9%) 
than that of exfoliated tonsil cells from NCC samples 
(1.2%, p<0.001), while higher prevalence of EBV 
infection in NCC samples (66.3%) than in TC samples 
(30.8%) was detected. The co-occurrence of these two 
viruses was detected in 10.8% of TC samples, but could 
not be detected in exfoliated tonsil cells from NCC 
samples (Figure 1). 

Primer name Forward (5'-3') Reward (5'-3') Reference
GP5+/GP6+ TTTGTTACTGTGGTAGATACTAC GAAAAATAAACTGTAAATCATATTC van den Brule et al., 2002
BALF5 CGAGTCATCTACGGGGACACGGA AGCACCCCCACATATCTCTTCTT Pozo and Tenorio, 1999

Table 1. Primer Sequences.

Demographic NCCa (n=83) TSCCb (n=36) DLBCLc (n=29)
Age range (years) 24-84 27-81 7-83
Age (years, mean ± SD) 61.70 ± 14.15 54.03 ± 12.35 50.48 ± 18.53
Sex
     Male 32 (38.55%) 31 (86.11%) 15 (51.72%)
     Female 51 (64.45%) 5 (13.19%) 14 (48.28%)
Histology
     Well differentiated - 23 (63.89%) -
     Moderately differentiated - 8 (22.22%) -
     Poorly differentiated - 4 (11.11%) -
     Undifferentiated - 1 (2.78%) -

Table 2. Demographic Data of Normal Control (NCC) and Tonsil Cancer Patients (TC) with Histological Difference 
of TSCC and DLBCL

Figure 1. The Prevalence of HPV, EBV and Co-Occurrence Infection in NCC and TC Samples. Chi-square test 
was used to compare the prevalence of HPV, EBV and co-occurrence infection in NCC and TC cases (*: p < 0.05; 
**: p < 0.01; ***: p < 0.001). 
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DLBCL rather than TSCC.

HPV genotypes and their physical status
Here, HPV58 was the most frequently detected 

genotype in TSCC samples (72.7 %), whereas HPV33 was 
found in the majority of DLBCL cases (75.0%, Figure 3). 
Among NCC samples, only one case of HPV infection 
was detected: the genotype was HPV16. Therefore, we 
further examined the physical status of HPV58 infection 
by multiplex qPCR. Among TSCC samples, pure 
integrated form of HPV58 genome (5/8, 62.5%) was the 
most common, followed by mixed form (2/8, 25%) and 
pure episomal form (1/8, 12.5%), respectively (Figure 
4). Conversely, in DLBCL, genomes in the only sample 
infected with HPV58 were episomal (Figure 4). This result 
might confirm that HR-HPV, especially HPV58, play a 
role in the carcinogenesis of TSCC rather than of DLBCL.

Localization of EBV infection in tonsil tissues
To further determine the localization of EBV infection 

in TC, EBER ISH, a gold-standard method for detecting 
latent EBV infection, was performed. Figure 5 shows the 
EBER-positive signals that were found predominantly 
in the nuclei of infiltrating lymphocytes. In DLBCL 
samples, positive reactivity for EBER was found only 
in infiltrating lymphocytes. Interestingly, TSCC tissue 
samples, the positive signals of EBER were also found in 
both epithelial cells and in infiltrating lymphocytes. This 
result might suggest that EBV infection plays an important 
role in both TSCC by establishing latent infection of tonsil 
squamous epithelial cells and in DLBCL by direct effect 
on lymphocytes.

Correlation of HPV and EBV infection with histological 
grade of TSCC

In the present study, TSCC was well correlated with 

Figure 2. The Prevalence of HPV, EBV and Their Co-Occurrence in NCC, TSCC and DLBCL. Chi-square test was 
used to analyze the prevalence of HPV, EBV and their co-occurrence in NCC, TSCC and DLBCL (*: p < 0.05; 
**: p < 0.01; ***: p < 0.001). 

Figure 3. Distribution of HPV Genotypes in TSCC and DLBCL Using RLBH Method
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HPV and EBV infection. Therefore, an association of 
HPV and/or EBV infection with the histological grade of 
TSCC was investigated.  The result showed mostly HPV 
infection was detected in low-grade tumor tissues (well 
differentiated, 54.5%) followed by intermediate-grade 
(moderately differentiated, 27.3%) and high-grade (poorly 
differentiated, 18.2%) tumors. The same pattern was 
found in EBV infection and in the combined infections 
of HPV and EBV (Figure 6). These correlations suggest 
that TSCC patients even with HPV or EBV or HPV and 
EBV infections should experience good clinical outcomes.

Discussion

The prevalence of HPV and EBV infections was 
investigated in patients with specific histology types of 
TC including TSCC and DLBCL in northeastern Thailand. 
HPV genotype and the physical status of HPV genome, as 
well as localization of EBV infection, were also determined 
to evaluate their association with development of TC. The 
high prevalence of HPV infection was found in TC cases 
than exfoliated tonsil cell samples from NCC. Prevalence 
of HPV infection differed significantly between TSCC and 
DLBCL cases (Figure 2). Previous studies have shown a 
low prevalence of HPV in cancer-free tonsils (Rusan et 
al., 2015; Herberhold et al., 2016). On the other hand, a 
high prevalence of HPV was reported in TSCC cases. 
In South Korea, HPV infection in TSCC increased from 
5.9 % in 1991 to 31.6% in 2009 (No et al., 2015). In 
Western countries, the incidence of TC and proportion of 
HPV-positive cases increased 2.8- and 2.9-fold between 
1970 and 2002, respectively, suggesting an important role 
of HPV in TSCC (Hammarstedt et al., 2006). Similarly, 
the overall prevalence of HPV in TSCC from 2000-2010 
in Denmark was 58% and the incidence of TSCC and 
HPV-positive TSCC cases increased to 2.7% and 4.9% per 
year, respectively (Garnaes et al., 2015). The prevalence 
of HPV in DLBCL cases has not been reported yet. 
However, there is a study that reported that HPV infection 
is associated with an increased risk of lymphoma and 

suggested that the persistent HPV infection may induce 
chronic immune activation and/or failure of the immune 
system to clear HPV infection and to control lymphoma 
development (Intaraphet et al., 2015). Collectively, these 
findings suggest that HPV, and especially the integrated 
form of HPV58, is associated with TSCC. The results agree 
with previous studies showing that integration of HPV 
genome was mostly detected in TSCC cases (Badaracco 
et al., 2007; Hassani et al., 2015). In addition, integration 
of the HPV16 genome is significantly associated with 
the amplification of c-myc and up-regulation of HIF-1α 
that may directly influence carcinogenesis of the tonsils 
(Kim et al., 2007). 

The prevalence of EBV infection in TC was 
significantly lower than in exfoliated tonsil cell samples 
from NCC. In addition, among TC samples, the prevalence 
of EBV infection was significantly higher among DLCBL 
than TSCC. This is consistent with a previous study in 
Japan which found the prevalence of EBV infection of 
74% and 71% in adenoids and tonsils of an adult group, 
respectively, and 66% and 63% in adenoids and tonsils 
of a child group (Seishima et al., 2017). A survey among 
nationals of the United Arab Emirates using EBER ISH 
reported the prevalence of EBV infection in tonsils and 
adenoids was 43% and 15%, respectively, and EBV was 
detected in B lymphocytes (Al-Salam e al., 2011). EBV is 
therefore very common in Waldeyer’s ring, particular the 
palatine tonsils, and may have a role in carcinogenesis. 
However, the prevalence of EBV infections in TC is still 
low, for example, only 1.9% in a study of pharyngeal 
tonsillar carcinomas (Khabie et al., 2001). On the other 
hand, a high prevalence of EBV DNA (86%) was reported 
in palatine tonsil carcinoma patients, suggesting that this 
carcinoma may be associated with EBV (Szkaradkiewicz 
et al., 2002).

In contrast to TSCC, several studies have investigated 
the association of EBV infection with DLBCL. For 
instance, EBV DNA was detected in 26.5% of non-
Hodgkin’s lymphomas in Khorasan, Iran. Of these, 50% 
of DLBCL cases were positive for EBV, suggesting that 

Figure 4. HPV58 Genome Physical Status in TSCC and DLBCL Using Multiplex qPCR
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EBV may be an etiological factor in some subtypes of 
non-Hodgkin’s lymphomas, especially DLBCL (Abadi 
et al., 2013). In South Korea, the prevalence of EBV in 
DLCBL cases, as determined using EBER ISH, was 6.7% 
(Hong et al., 2017). Furthermore, LMP1 and EBNA2 
were expressed in 92% and 15% of EBV-positive DLBCL 
cases, respectively (Hofscheier et al., 2011). Ok et al 
(2014) reported that the prevalence of EBV in DLBCL 
cases in Western countries was 4%, as evidenced by 
EBER ISH. Of these, 66.7% were positive for LMP1 and 
26.1% were positive for EBNA2. Based on expression of 
EBER, LMP1, and other genes, 34.8%, 39.1% and 26.1% 
of cases were classified as EBV latency I, II and III, 
respectively (Ok et al., 2014). In addition, EBV infection 
in DLBCL cases was suggested to be associated with 
worse outcomes or poor prognosis (Uner et al., 2011; 
Hong et al., 2017). EBV was mostly found in infiltrating 
cells. However, the epithelial cells also showed a positive 
signal for EBER. Possibly, infection of epithelial cells of 
tonsil tissues by EBV may play a role in progression of 
tonsil cancer. Consistent with this, in pharyngeal tonsils, 
almost 60% of EBER-positive cells were found in T-cell-
rich interfollicular regions, 27% and 15% were present 
within the tonsillar crypts and B-cell-rich germinal centers 
of secondary follicles, respectively (Hudnall et al., 2005; 
Gotoh et al., 2011; Kaneko et al., 2014).  Taken together, 
the infection of EBV may be a risk factor promoting the 
tumorigenesis of DLBCL.

In conclusion, HPV and EBV infection are significantly 
associated with TC development, but are prominent in 
different histological types. Infection by HPV, in particular 
HPV58, was significantly associated with TSCC, while 
EBV was significantly associated with DLBCL. Combined 
infections of HPV and EBV also influence carcinogenesis 
of both TSCC and DLBCL. TSCC patients with infection 
of HPV and EBV seem to have better outcomes than those 
without infection. However, the mechanisms behind the 
oncogenic role of HPV and EBV in TSCC and DLBCL 
need to be studied further.
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